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ABSTRACT : 



PROBLEM TO BE SOLVED: To prevent the in-plane uniformity of a semiconductor 
wafer from being damaged by employing quartz as the material of a focus ring 
with oxygen existing in the quartz. 

SOLUTION: A lower electrode 5 is disposed oppositely to an upper electrode 4 
in parallel therewith in the center on the bottom face of a chamber 1. Central 
part of the upper surface of the lower electrode 5 serves as a part 6 for 
mounting a semiconductor wafer 7. A focus ring 8 made of quartz is arranged 
around the semiconductor wafer 7 on the lower electrode 5. Oxygen exists in 
the quartz of the focus ring 8 and reaction products are converted into 
volatile substances by that oxygen . Since the reaction products do not stand 
but evaporate quickly, in-plan uniformity of the semiconductor wafer 7 is 
prevented from being damaged by the focus ring 8. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The semi-conductor wafer with which the tungsten film was formed on the front face on one 
[ which accomplishes a pair ] opposed face of an parallel plate electrode is arranged. Arrange a focal 
ring around this semi-conductor wafer, impress high-frequency voltage between the parallel plate 
electrodes which accomplish this pair while introducing reactant gas in the installation space of the 
above-mentioned parallel plate electrode pair, and discharge is made to produce. The tungsten plasma- 
etching approach which is the tungsten plasma-etching approach which etches the tungsten film of the 
above-mentioned semi-conductor wafer front face with the plasma gas produced by the discharge, and is 
characterized by using what consists of a quartz as the above-mentioned focal ring. 
[Claim 2] In an parallel plate electrode, arrange the parallel plate electrode which accomplishes a pair 
and the semi-conductor wafer arrangement section is prepared on one opposed face of this electrode. A 
focal ring is prepared around this semi-conductor wafer arrangement section. It is the tungsten plasma 
etching system which etched the tungsten film on the semi-conductor wafer front face which impressed 
high-frequency voltage between the above-mentioned parallel plate electrodes, and has been arranged at 
the above-mentioned semi-conductor wafer arrangement section while supplying reactant gas in the 
above-mentioned parallel plate electrode. The tungsten plasma etching system characterized by the 
above-mentioned focal ring consisting of a quartz. 



[Translation done.] 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention arranges the semi-conductor wafer with which the 
tungsten film was formed on the front face on one [ which accomplishes a pair ] opposed face of an 
parallel plate electrode. Arrange a focal ring around this semi-conductor wafer, impress high-frequency 
voltage between the parallel plate electrodes which accomplish this pair while introducing reactant gas 
in the installation space of the above-mentioned parallel plate electrode pair, and discharge is made to 
produce. It is related with the tungsten plasma-etching approach which etches the tungsten film of the 
above-mentioned semi-conductor wafer front face with the plasma gas produced by the discharge, and 
the tungsten plasma etching system used for the operation. 
[0002] 

[Description of the Prior Art] Although detailed-izing and high integration of a semiconductor device 
are being enhanced and multilayering of wiring is progressing for integration of the circuit 
accompanying it, attaining nearby high integration to a multilayer interconnection is called for, and 
minor-diameter-izing of the contact hole which connects between vertical wiring is indispensable to it 
And to minor-diameter-izing of a contact hole, corresponding is becoming difficult with the aluminum- 
Si wiring technique generally used conventionally and an aluminum-Cu wiring technique. It is because 
the coverage which has filled the minor diameter contact hole with a metal good with such a technique is 
not obtained. 

[0003] Therefore, many tungsten embedding techniques in which a detailed contact hole can be filled 
with CVD come to use gradually with a tungsten. It says that it carries out etchback of the tungsten film 
after that by forming the tungsten film by CVD and filling this contact hole with a tungsten, and 
removes the tungsten film on an interlayer insulation film after this forms a contact hole in an interlayer 
insulation film, and the etchback is performed by plasma etching of a tungsten. 
[0004] drawing 2 is the outline block diagram showing the conventional example of the plasma etching 
system used for plasma etching of the tungsten film, the process gas induction by which 1 was formed in 
the chamber and 2 was formed in the head lining in drawing, the exhaust port where 3 was arranged in 
the pars-basilaris-ossis-occipitalis periphery section of a chamber 2, and 4 are the up electrodes prepared 
in the center of abbreviation of chamber 1 head lining, and passage of process gas is possible ~ it is 
prepared like. 5 is the lower electrode arranged so that it might counter in parallel with the above- 
mentioned up electrode 4 on the base center section of the chamber 2, the center of a top face (the up 
electrode 4 and field which counters) is made into the semi-conductor wafer arrangement section 6, and 
the semi-conductor wafer 7 is arranged on this arrangement section 6 at the time of the etchback of the 
tungsten film. 

[0005] 8 is on the above-mentioned lower electrode 5, and is a focal ring arranged around the semi- 
conductor wafer 6, and, generally the conventional focal ring 8 was formed of the ceramic. In addition, 
the cross-section structure of the semi-conductor wafer 7 was shown in the lower right part of drawing 
2 . It is the tungsten film with which a semi-conductor substrate and 10 are carried out for 9, and 
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etchback of the TiN film and 12 is carried out for Si02 film and 11. 

[0006] Etchback of a tungsten is performed as follows using a plasma etching system as shown in 
drawing 2 . The semi-conductor wafer 7 is set to the semi-conductor wafer arrangement section 6, the 
SF6/Ar gas which is process gas is introduced in a chamber 1 from the process gas induction 2, while 
forming the condition that the gas is exhausted from the above-mentioned exhaust port 3 through 
between above-mentioned up electrode 4 and lower electrode 5, high-frequency voltage is impressed 
between above-mentioned up electrode 4 and lower electrode 5, and discharge is produced. Then, the 
tungsten film 12 of semi-conductor wafer 7 front face is etched by the plasma gas produced by the 
discharge. 

[0007] And in that case, the focal ring 8 prevents diffusion of the plasma, the role which raises the 
homogeneity of an etching rate is played, and the role which positions the semi-conductor wafer 7 is 
played further. 
[0008] 

[Problem(s) to be Solved by the Invention] By the way, the product was formed especially in the 
periphery and there was a problem of the semi-conductor wafer 7 that the homogeneity within a field of 
an etching rate was low in the back dirty technique of the conventional tungsten. Then, when the 
invention-in-this-application person pursued the cause, the following thing became clear. 
[0009] That is, originally, the reactant gas which blew off from the up electrode 4 is exhausted towards 
the downward lower electrode 5, therefore the resultant on the semi-conductor wafer 7 is also carried to 
the wafer circumference side which is an exhaust side from the wafer central site. By the way, since the 
focal ring 8 located around the semi-conductor wafer 7 is notably thicker than this wafer 7, between 
wafer 7 and the focal ring 8, a comparatively big level difference arises and the level difference disturbs 
the flow of a resultant. 

[0010] And the resultant consists of matter of WF system and a TiF system. It is because it etches using 
SF6/Ar as process gas until the TiN film 1 1 of the substrate exposes the tungsten film 12 at least. 
[001 1] thus - if the reactant which consists of matter of WF system and a TiF system piles up on the 
periphery of the semi-conductor wafer 7 --****** — this serves as an etch residue and becomes the 
cause which bars etching. Moreover, the amount of reattachment of the resultant in this periphery 
increases as compared with a semi-conductor wafer core. Therefore, the problem that the homogeneity 
within a field of an etching rate was spoiled arose. Moreover, the aluminum system resultant was 
generated with the focal ring 8 which consists of an alumina system ceramic, and there was also a 
problem of polluting semi-conductor wafer 7 front face. 

[0012] Succeed in this invention that such a trouble should be solved, and the semi-conductor wafer 
with which the tungsten film was formed on the front face on one [ which accomplishes a pair ] opposed 
face of an parallel plate electrode is arranged. Arrange a focal ring around this semi-conductor wafer, 
impress high-frequency voltage between the parallel plate electrodes which accomplish this pair while 
introducing reactant gas in the installation space of the above-mentioned parallel plate electrode pair, 
and discharge is made to produce. It prevents that the homogeneity within a field of the semi-conductor 
wafer in plasma etching of the tungsten which etches the tungsten film of the above-mentioned semi- 
conductor wafer front face with the plasma gas produced by the discharge is spoiled with a focal ring. 
Furthermore, it aims at preventing that an aluminum system product arises with a focal ring, and a semi- 
conductor wafer front face is polluted by that cause. 
[0013] 

[Means for Solving the Problem] This invention uses the ingredient of a focal ring as a quartz. 
[0014] Therefore, since according to this invention a focal ring consists of a quartz and oxygen exists in 
a quartz, it can react to the resultant which the oxygen mentioned above during plasma etching, and 
volatilization materialization of this resultant can be carried out. For example, when Resultant TiFx 
reacts with oxygen, it changes to volatile material TiOxFy and Resultant WFx changes to volatile 
material WOxFy. Consequently, since a resultant carries out volatilization materialization and vaporizes 
quickly around, without piling up, it can prevent that the homogeneity within a field of a semi-conductor 
wafer is spoiled with a focal ring. 
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[0015] Moreover, since a focal ring consists of a quartz, the problem of an aluminum system product 
arising with the conventional alumina system focus ring, and polluting a semi-conductor wafer is 
avoidable. 
[0016] 

[Embodiment of the Invention] Fundamentally, this invention forms a focal ring with a quartz. 
[0017] 

[Example] Hereafter, this invention is explained to a detail according to an illustration example, drawing 
1 is the outline block diagram showing one example of this invention tungsten plasma etching system, 
the process gas induction by which 1 was formed in the chamber and 2 was formed in the head lining in 
drawing, the exhaust port where 3 was arranged in the pars-basilaris-ossis-occipitalis periphery section 
of a chamber 2, and 4 are the up electrodes prepared in the center of a side of chamber 1 head lining, and 
passage of process gas is possible — it is prepared like. 5 is the lower electrode arranged so that it might 
counter in parallel with the above-mentioned up electrode 4 on the base center section of the chamber 2, 
the center of a top face (the up electrode 4 and field which counters) is made into the semi-conductor 
wafer arrangement section 6, and the semi-conductor wafer 7 is arranged on this arrangement section 6 
at the time of the etchback of the tungsten film. 

[0018] Although 13 is on the above-mentioned lower electrode 5, and is a focal ring arranged around the 
semi-conductor wafer 6 and the conventional focal ring 8 was generally formed of the ceramic, what 
was formed with the quartz is used in this tungsten plasma etching system. In addition, the cross-section 
structure of the semi-conductor wafer 7 was shown in the lower right part of drawing 1 R> 1. It is the 
tungsten film with which a semi-conductor substrate and 10 are carried out for 9, and etchback of the 
TiN film and 12 is carried out for Si02 film and 1 1 . 

[0019] Etchback of a tungsten is performed as follows using a plasma etching system as shown in 
drawing 1 . The semi-conductor wafer 7 is set to the semi-conductor wafer arrangement section 6, the 
SF6/Ar gas which is process gas is introduced in a chamber 1 from the process gas induction 2, while 
forming the condition that the gas is exhausted from the above-mentioned exhaust port 3 through 
between above-mentioned up electrode 4 and lower electrode 5, high-frequency voltage is impressed 
between above-mentioned up electrode 4 and lower electrode 5, and discharge is produced. Then, the 
tungsten film 12 of semi-conductor wafer 7 front face is etched by the plasma gas produced by the 
discharge. 

[0020] And although the focal ring 13 prevents diffusion of the plasma, the role which raises the 
homogeneity of an etching rate is played in that case and the role of positioning of the semi-conductor 
wafer 7 is played further, it does not stop at it but a role of a source of supply of Oxygen O which 
changes TiFx which is a resultant, and WFx to TiOxFy and WOxFy which are a volatile substance is 
played. That is, a quartz consists of Si02 and contains oxygen. Therefore, even if Resultant TiFx and 
WFx tend to pile up in semi-conductor wafer 7 periphery, the oxygen in the focal ring 13 which consists 
of a quartz which exists around it reacts with the resultant TiFx and WFx, and it is made to change to 
TiOxFy and WOxFy which are a volatile substance. 

[0021] And the volatile substances TiOxFy and WOxFy vaporize on the outskirts, and stagnation of the 
resultant resultant TiFx leading to the heterogeneity within a field of an etching rate and WFx is lost. 
Therefore, it can prevent that the homogeneity within a field of a semi-conductor wafer is spoiled with a 
focal ring. 

[0022] Moreover, since the focal ring 13 consists of a quartz, the problem at the time of using the focal 
ring 8 which consists of a ceramic of the conventional aluminum system that a semi-conductor wafer 
front face is polluted so that an aluminum system product may arise with a focal ring is avoidable. 
[0023] 

[Effect of the Invention] Since according to this invention a focal ring consists of a quartz and oxygen 
exists in a quartz, it can react to the resultant which the oxygen mentioned above during plasma etching, 
and volatilization materialization of this resultant can be carried out. For example, when Resultant TiFx 
reacts with oxygen, it changes to volatile material TiOxFy and Resultant WFx changes to volatile 
material WOxFy. Consequently, since a resultant carries out volatilization materialization and vaporizes 
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quickly around, without piling up, it can prevent that the homogeneity within a field of a semi-conductor 
wafer is spoiled with a focal ring. 

[0024] Moreover, since a focal ring consists of a quartz, the problem at the time of using the focal ring 
which consists of a ceramic of the conventional aluminum system that a semi-conductor wafer front face 
is polluted so that an aluminum system product may arise with a focal ring is avoidable. 



[Translation done.] 
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